In the specialist literature, undeservedly little attention has been paid to copolymers of vinyl chloride (VC) with methacrylates, although it is known [1, 2] that its copolymers with methacrylate (MMA) are produced on an industrial scale. On their basis, stable aqueous emulsions are manufactured for water-and weatherresistant coatings [3, 4] , adhesive composites [5] , magnetic writing materials [6] , and lamellar shatterproof glasses [7] . The company "Rohm and Haas" has developed grade "Kydex-100", from which, by extrusion, sheets are produced that are subsequently subjected to heat forming to produce casings for different instruments (vacuum cleaners, X-ray apparatus), facing materials, and protective helmets that combine transparency and impact strength [1] .
The synthesis of copolymers of VC with MMA by suspension [8] , block [9] , solution [10] , and emulsion [11] methods of polymerisation has been described. The processes take place chiefly at a temperature of 40-65˚C [8, 12] , although there is an indication [13] that they can be carried out at lower temperatures (0-25˚C) in the presence of aluminium sesquichloride.
MMA can be introduced both at the start of polymerisation and at a certain degree of conversion of VC. In ref. [14] , a method is described for producing easy-to-process suspension copolymers based on VC, consisting in its polymerisation to a conversion of 42-65% with the subsequent introduction of a second comonomer, in particular MMA, vinyl acetate, and butyl acrylate, and here the concentration of the latter should be lower than the concentration of the remaining VC, while the temperature of the initial homopolymerisation process should be 15-30 K lower than the temperature of combined polymerisation. The copolymers possess lower melting temperatures compared with the control homopolymer. It must be pointed out that copolymers synthesised by the examined method, after chlorination, are characterised by a higher softening point with an identical chlorine content than that of chlorinated PVC.
In the synthesis of copolymers of VC with MMA, the initiators are traditional compounds of the following types: percarbonates [12) , acyl peroxides, in particular lauryl peroxide [15] , and azo compounds [10] .
Polyvinyl alcohol [12] and derivatives of cellulose and alkylsulphonic acids [16] are used as emulsifiers.
In ref. [17] an investigation was made of the bulk and emulsion copolymerisation of VC with methyl, n-butyl, and n-octyl esters of methacrylic acid. It was shown that, when 5-20% MMA is introduced into the monomer blend, polymerisation takes 3 times longer than the homopolymerisation of VC with comparatively identical yields (84-87%). At the same time there is a reduction in the relative viscosity of the polymer solution in cyclohexanone and in the breakdown temperature, with the glass transition temperature kept constant.
It must be stressed that copolymers of VC with methacrylates are even less homogeneous in structure than the corresponding copolymers with acrylates. Enrichment of copolymers with methacrylates is due to their higher reactivity than acrylates and VC. This is borne out by the values of the constants of copolymerisation of VC with methacrylates and acrylates that are presented in Table 1 .
It has been established [13] that the structure of the polymer chain is influenced considerably by the composition of the monomer blend. In the copolymerisation of VC with MMA, catalysed with AlEt 1.5 Cl 1.5 or AlEtCl 2 , in the presence of benzoyl peroxide (BP) in a toluene solution or in bulk, with a large excess of the first monomer, a copolymer of alternating structure is formed, whereas with a shortage of the first monomer a copolymer rich in MMA is obtained. Furthermore, in the presence of large amounts of BP at reduced temperatures, along with an alternating copolymer, a copolymer rich in VC is formed. With a prolonged polymerisation process, little lactonisation occurs (<3%). The alternation of monomers results in intramolecular lactonisation confirmed using NMR spectroscopy (lactonisation conditions: vacuum, 200˚C, duration 2.5-4 h). The low molecular weight of alternating copolymers is connected with the effect of dilution of VC and with the presence of a radical initiator.
McNeill and Straiton [18] established that cyclisation between the methoxyl group of MMA and the neighbouring VC unit proceeds with the formation of methyl chloride and takes place at the first stage of thermal breakdown at 100-200˚C of a copolymer with an MMA content of 9.7-89.4 mol.%. At a higher temperature (up to 320˚C) hydrogen chloride is formed. The maximum dehydrochlorination rate is observed in the temperature range 255-265˚C and is not dependent on the composition of the copolymer. For a VC-MMA copolymer, this results in lower heat stability than for PVC, although the processes described occur at temperatures exceeding significantly the processing conditions of polymers based on VC.
Of great interest are data of Johnston and Harwood [19] on quantitative investigation of cyclisation reactions occurring, during heating in bulk or in solution, in copolymers of MMA with VC or vinyl bromide, and also in a ternary copolymer of MMA, VC, and styrene. Cyclisation was carried out on copolymers with a low degree of conversion and, in the opinion of the authors, can be described by the scheme given below: Subsequently, the content of methyl chloride or bromide was determined quantitatively. Analysis of the initial monomer blend and the found copolymerisation constants (r MMA = 11.2, r VC = 0.044) were used to calculate the expected proportion of non-cyclised MMA units. The data obtained on an electron counter are in good agreement with the observed values ( Table 2) . It must be noted that neighbouring MMA-VC units react by the law of chance.
Investigation of the kinetics of cyclisation [20] from the amount of methyl chloride formed showed that the process is characterised by a first order in relation to the number of cyclised units, while its activation energy amounts to 31 kcal/mol (the rate constant at a temperature of 190˚C is (1.15-1.58) x 10 -3 s -1 ).
In a study of the kinetics of copolymerisation of VC with MMA, initiated by azodiisobutyronitrile in weak solutions of 1,2-dichloroethane and dimethylformamide at a temperature of 60˚C in nitrogen, the absence of any influence of the penultimate unit in macroradicals having an end MMA unit was established by means of chromatography [21] .
In thermal stability, copolymers of VC with MMA are practically identical to the VC homopolymer [17] ; thus, for the latter the glass transition temperature amounts to 80˚C, whereas an analogous index for the product of combined polymerisation of VC with 33% MMA is equal to 85˚C.
Copolymers of VC with methacrylates are more rigid and more difficult to process than copolymers with the corresponding acrylates [16] . Thus, the introduction into the chain of methyl or butyl acrylate [22] increases the macrochain flexibility of the copolymeric products and, consequently, leads to a marked reduction in the glass transition temperature. 
